An extracellular L-asparaginase was isolated and purified from Bacillus megaterium MG1 to apparent homogeneity. The purification procedure involved a combination of ammonium sulfate precipitation, ion-exchange chromatography, and gel filtration techniques, resulting in a purification factor of 31.52 fold with a specific activity of 215 U mg
Introduction
L-asparaginase (EC 3.5.1.1) is an enzyme which belongs to the homologous amidohydrolase family and catalyses free amino acid L-asparagine into L-aspartate and ammonia (Geckil and Gencer, 2004) . This enzyme has been widely found in nature, including in animals, plant cells, yeasts, fungi and bacteria (Jia et al., 2013) . Kidd (1953) reported anti-tumor properties of guinea pig serum, which was later attributed to asparaginase activity. Since then, considerable research attention has been focused on this enzyme. Mashburn and Wriston (1964) reported anti-tumor activity of the E. coli enzyme. In fact, bacterial Lasparaginases have become a mainstay of multidrug chemotherapeutic regimens for the treatment of malignancies (Singh et al., 2013) . The antineoplastic activity of the enzyme lies in the fact that, unlike normal cells, L-asparagine synthetase activity is either absent or extremely low in tumour cells which have a compromised ability to generate L-asparagine endogenously (Sunitha et al., 2010) . As a result, these cells are greatly dependent on an exogenous supply of L-asparagine for survival, because L-asparagine is a crucial but non-essential amino acid which is important for protein, DNA and RNA metabolism (Nomme et al., 2012) . When L-asparaginase is administered to a system, it discontinues asparagine supply to tumor cells causing its enzymatic cleavage into L-aspartate and ammonia. Eventually, starvation for L-asparagine disturbs the metabolic status of these malignant cells, thereby leading them to apoptotic death (Pradhan et al., 2013) . Apart from its antileukemic activity, L-asparaginase has other applications in the food industries as an agent for producing acrylamidefree food products (Ciesarova et al., 2006) , and also for constructing a diagnostic biosensor (Erdogan et al., 2014) . , and Ca 2+ decreased the enzyme activity remarkably, whereas the addition of Na + and K + led to an increase in activity. The insensitivity of the protein in the presence of EDTA suggested that the enzyme might not essentially be a metalloprotein. Its marked stability and activity in organic solvents and reducing agents suggest that this asparaginase is highly suitable as a biotechnological tool with industrial applications.
The enzyme has been reportedly isolated from various bacterial origins such as Bacillus subtilis (Pradhan et al., 2013) , Bacillus aryabhattai (Singh et al., 2013) , Escherichia (Warangkar and Khobragade, 2010) , Xanthomonas, Pectobacterium, Photobacterium (Abbas et al., 2010) , Aerobacter, Erwinia, Serratia, Streptomyces (Agarwal et al., 2011) , and Corynebacterium (Mesas et al., 1990) species; and from fungal origins such as Aspergillus and Candida species (Kumar and Sobha, 2012) ; and a few from protozoa, for example, Tetrahymena pyriformis (Triantafillou et al., 1988) . Though the enzyme is widely distributed, only some of these L-asparaginases possess antineoplastic activity and among the microbial sources, the most commercially notable ones are Escherichia coli, Erwinia carotovora and Serratia marcescens (Kumar and Shobha, 2012) . However, the therapeutic output of this enzyme has been rarely reported without any incidence of toxicity (Verma et al., 2007) . Hence, the search for a new serologically different enzyme, having good therapeutic effect, but less or no toxicity, is still on. To obtain a better and alternative source of L-asparaginase, there is an ongoing interest to screen new organisms from different sources (Singh et al., 2013) . In this context, we have tried to explore the potent L-asparaginase-producing bacterial strains from water bodies of the Moraghat forest, a territorial forest of Jalpaiguri. In the present study, we report purification and characterization of an extracellular L-asparaginase from a newly isolated strain Bacillus megaterium MG1.
Materials and Methods
Chemicals. Diethylaminoethyl (DEAE)-Sephacel was purchased from Sigma, USA, and Biogel P-100 and Biogel P-10 were from Bio-Rad, USA. PCR reagents and pGEM-T Easy vector system were purchased from Promega, USA. All the other biochemicals used were of analytical grade from HiMedia, India and Sigma-Aldrich, USA.
Isolation of bacteria from water bodies of Moraghat forest, Jalpaiguri. Water samples were collected in sterile glass tubes (capacity 50 mL each) from five stations of Moraghat forest (latitude 26∞47¢28.04≤ N to 26∞37¢48.33≤ N, longitude 88∞59¢57.38≤ E to 89∞00¢55.65≤ E and 81-144 m elevation), a territorial forest of Jalpaiguri and processed immediately for bacteriological studies. The water bodies were selected randomly for the study purpose, but were essentially free from any observable human activities. The water samples were serially diluted and spread plated on nutrient agar media (containing peptone, 5 gL -1 ; beef extract, 3 gL -1 ; NaCl, 5 gL -1 ; agar, 15 gL -1 ; pH 7.0) followed by 24 h incubation at 37∞C. Pure cultures were obtained from individual colonies selected based on their colony morphology. (Pradhan et al., 2013) . The plates were incubated for 24 h at 37∞C to obtain positive colonies with a pink halo around them.
Screening of L-asparaginase
Asparaginase-producing strains were screened qualitatively on the basis of the diameter of the pink zone. The isolates were then transferred in asparaginase production medium or APM (modified M9 medium without agar) at 37∞C and 200 rpm under shake flask conditions for quantitative assay. Two milliliters of the culture was withdrawn at 4, 8, 12, 16, 20, 24, 48, 96 h of the incubation period and the cells were removed by centrifugation at 11,200 ¥ g for 10 min. The resultant supernatant was used as the crude enzyme preparation and analyzed for asparaginase activity. Finally, the strain MG1, which showed potent extracellular L-asparaginase activity, was chosen for further studies.
Asparaginase activity assay. The L-asparaginase activity was measured by the direct Nesslerization method of Kumar et al. (2010) in a reaction mixture containing 0.9 mL of 0.01 M L-asparagine prepared in 0.05 M Tris-HCl buffer (pH 8.5) and 0.1 mL of the enzyme at 37∞C for 30 min. Subsequently, the reaction was terminated by adding 0.1 mL of trichloroacetic acid (15% w/v). The reaction mixture was centrifuged at 11,200 ¥ g for 5 min at 4∞C to remove any precipitate. The ammonia liberated in the supernatant was estimated spectrophotometrically at 450 nm by adding 0.1 mL of Nessler's reagent into the sample containing 0.1 mL supernatant and 0.8 mL distilled water. One international unit (U) of asparaginase activity is defined as the amount of enzyme that liberates 1.0 mmol of ammonia (NH 3 ) per min under specified conditions. The specific activity of L-asparaginase was expressed in terms of units per milligram of protein.
Identification of the isolate MG1. Morphological and biochemical characteristics of the isolate were studied by following the methods described by Smibert and Krieg (1994) . The identity of the isolate was confirmed by 16S ribosomal DNA analysis. Because the strain MG1 was a Gram positive bacterium, genomic DNA was isolated from exponentially growing culture by conventional phenol/ chloroform extraction as described by Sambrook et al. (1989) . 16S rDNA was amplified by using universal primers 27F (5¢-AGAGTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACCTTGTTACGACTT-3¢) yielding about 1.4 kb fragment which was further sequenced. The phylogenetic relationship of the isolate was determined by comparing the sequence data with its closely related neighbor sequences retrieved from the GenBank database of the National Center for Biotehnology Information (NCBI), via BLAST search. Phylogenetic analysis was performed by using the software package MEGA6 (Tamura et al., 2013) .
Optimization of the enzyme production by one-factor-ata-time (OFAT) method. The optimization studies were carried out under submerged fermentation for incubation time, incubation temperature, medium pH, carbon sources and nitrogen sources by the one-factor-at-a-time (OFAT) method by varying only a single culture condition or factor and keeping the remaining factors constant. Every factor optimized at one step was used for further study. For inoculum preparation, 10 mL of LB broth was inoculated and incubated at 37∞C under 150 rpm shaking. One milliliter of overnight grown culture was then inoculated into 100 mL of APM. The inoculated flasks were incu-bated at 37∞C for 120 h. Fermented samples were taken out at every 24 h interval, centrifuged at 11,200 ¥ g for 10 min, and the supernatant was assayed for enzyme activity. The effect of pH on L-asparaginase production was tested by cultivating the strain in APM broth adjusted to pH levels varying from 5 to 9. To determine the optimum temperature for the enzyme production, the culture was incubated at different temperatures, viz. 4-60∞C for 24 h. To investigate the effect of carbon sources on the enzyme production, the APM broth was supplemented with different carbon sources such as dextrose, lactose, sucrose, maltose, galactose, and starch, each at a concentration of 1% (w/v). The influence of different concentrations of the best carbon source (0.5-2.5% w/v) on the L-asparaginase production was also studied. The same steps were followed for selecting the best nitrogen source at its optimum concentration among different organic and inorganic nitrogenous compounds such as peptone, casein, beef extract (BE), yeast extract (YE), ammonium sulphate (AS), and ammonium nitrate (AN).
Purification of the enzyme. L-asparaginase produced by the bacterial strain MG1 was purified using a combination of ammonium sulfate precipitation, ion exchange chromatography, and gel filtration, following the methods described by Pal Roy et al. (2012) . All the purification steps were performed at 4∞C unless otherwise stated. The chromatographic runs were observed for protein at 280 nm. Initially, the crude supernatant of 5 ml cell culture, grown in modified APM under optimized condition, was subjected to 40% ammonium sulfate saturation and precipitated protein was removed by centrifugation at 15,000 ¥ g for 10 min. Thereafter, the ammonium sulfate saturation was increased to 70%, and the resulting protein was collected and resuspended in a minimal volume of 0.05 M Tris-HCl buffer, pH 8.5. The enzyme solution from the previous step was loaded onto a DEAE-Sephacel column pre-equilibrated with 0.05 M Tris-HCl buffer, pH 8.5, and was eluted with a linear gradient of 0-1 M KCl in the same buffer. The active fractions were pooled, concentrated, and subjected to gel filtration chromatography on a P-100 column (Bio Rad, 1 ¥ 25 cm) equilibrated with 0.05 M TrisHCl buffer (pH 8.5). Fractions of 1.5 mL each were collected and analysed for protein and enzyme activity. The active fractions eluted as a single peak were pooled and stored at 4∞C.
Protein estimation and SDS-PAGE analysis.
Quantitative estimation of protein was carried out by the Bradford (1976) method using BSA as standard. The enzyme fractions at various steps of purification were fractionated by using SDS-PAGE gel using a 12% separating gel (pH 8.8) and a 5% stacking gel (pH 6.8). The resolved proteins in the gel were detected by Coomassie brilliant blue staining against protein molecular weight markers of 25 kDa, 32 kDa, 47 kDa, 80 kDa, 110 kDa (New England BioLabs, USA).
Determination of molecular mass of the enzyme. For the molecular weight determination of the native enzyme, a native PAGE was performed using 10% resolving gel. Protein bands were visualized with Coomassie brilliant blue staining against protein molecular weight markers of 47 kDa, 80 kDa, 110 kDa, 135 kDa, 190 kDa, 208 kDa (New England BioLabs, USA). Moreover, a gel filtration chromatography using a Hi-Load Superdex-200 16/60 column was equilibrated with 0.05 M Tris-HCl buffer (pH 8.5) containing 0.05 M NaCl and 10% glycerol as described by Singh et al. (2013) . The column was calibrated with ribonuclease A (13.7 kDa), carbonic anhydrase (29 kDa), ovalbumin (44 kDa), aldolase (158 kDa), and ferritin (440 kDa) (GE Healthcare). The elution volume (Ve) of each marker protein and void volume (Vo) of the column were evaluated. A plot of Ve/Vo against the log of the molecular weight was used to calculate the molecular weight of the enzyme.
Characterization of the purified enzyme. The purified enzyme was characterized for pH optima, temperature optima, thermostability, K m and V max for L-asparagine, substrate specificity, and the effects of metal ions and reagents on enzyme activity. The pH optimum was determined by measuring the enzyme activity at pH 4.5-10.0 in the following 0.05 M buffers: sodium acetate (pH 4.5-5.5), and Tris-HCl (pH 6.5-10). The pH stability was tested by the incubation of the enzyme at pH of 5.0-9.0 for 24 h at 4∞C in the absence of a substrate and the residual activity was determined under the standard assay conditions. The optimum temperature of the purified enzyme was determined at the optimum pH and at temperatures ranging from 4 to 70∞C. The thermostability of the enzyme was determined by preincubating the enzyme at 25-70∞C for 30 min followed by measuring the activity under standard conditions. The K m and V max values for L-asparagine were determined by Lineweaver-Burk plot at optimum pH and temperature. To study the effect of metal ions, asparaginase activity assay was carried out in presence of 10 mM of Fe 2+ , Cu 2+ , Mg 2+ , Co 2+ , Hg 2+ , Mn 2+ , Ca 2+ , Na + , and K + . The effects of various modulators such as SDS, ethanol, DMSO, cysteine hydrochloride, 2-mercaptoethanol and EDTA on L-asparaginase activity were examined by preincubating the purified enzyme with them at 37∞C for 30 min, individually. Substrate specificity of the purified enzyme was determined by replacing L-asparagine in the standard assay mixture with an equal volume of Lglutamine, L-aspartic acid, L-glutamic acid, and DL-asparagine, at a final concentration of 10 mM.
Results

Isolation and identification of the isolate MG1
Abundant colonies were obtained after incubation on nutrient agar plates and individual colonies were selected based on their colony morphology. The screening of bacterial asparaginase producers was based on the formation of a pink zone on the modified M9 solid medium containing asparagine as the selective agent (Fig. 1) . After that, a quantitative analysis of asparaginase production in APM was also carried out. Finally, the isolate MG1 was chosen for further studies because it appeared to be a potent producer of extracellular asparaginase. The bacterial isolate was morphologically characterized as a gram positive, rod shaped bacterium. It was found to be closely related to B. megaterium, B. aryabhattai, and B. subtilis as a homology analysis of 16S rDNA sequence (GenBank accession number KP347133) by BLAST program revealed a highest similarity score of 99% with B. megaterium, B. aryabhattai, and B. subtilis. The strain was further confirmed as B. megaterium, by phylogenetic analysis (Fig.  2) supported by morphological and biochemical analyses data, and, hence, was tentatively named as Bacillus megaterium MG1.
Optimization of the enzyme production
While optimizing the enzyme production, the impact of different culture conditions, such as incubation time, pH, temperature, carbon and nitrogen sources, on the biosynthesis of L-asparaginase was determined. The incubation time, temperature, and medium pH have a direct effect on the growth of bacteria and, thus, affect enzyme production. The maximum L-asparaginase production was observed after 24 h (Fig. 3A) at pH 7.0 (Fig. 3B ) and at 37∞C temperature (Fig. 3C) . Amendment in the media composition also plays a vital role in the enhancement of the enzyme production. Different carbon and nitrogen sources were supplemented in modified APM to serve the purpose. Further, studies on the effect of different levels of the selected carbon and nitrogen sources were carried out to reveal their optimum values. The production of L-asparaginase was improved (from an initial 14.66 U mL -1 to 32.34 The tree with the highest log likelihood (-4400.9200) is shown. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with the superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 10 nucleotide sequences. Codon positions included were 1st + 2nd + 3rd + Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 1365 positions in the final dataset. Evolutionary analyses were conducted in MEGA6. Effect of Incubation time (24-120 h) at pH 7.0 and temperature 37∞C (A), Medium pH (5-9) for 24 h incubation at 37∞C (B), Incubation temperature (4-60∞C) for 24 h incubation at optimum pH (C), Carbon sources at optimum pH and temperature for 24 h of incubation (D), Nitrogen sources at optimum pH and temperature for 24 h of incubation (E), and Concentrations of optimized carbon and nitrogen sources at optimum pH and temperature for 24 h of incubation (F), on L-asparaginase production. U mL -1 ) when the medium (final pH 7.0) was supplemented with yeast extract (0.5% w/v) (Figs. 3D and F) , and dextrose (1.5% w/v) (Figs. 3E and F), maintained at 37∞C for 24 h.
Purification of L-asparaginase from B. megaterium MG1 and determination of molecular mass
The enzyme was purified from 24-h-grown culture by (NH 4 ) 2 SO 4 precipitation, ion-exchange chromatography, and gel filtration. The results of enzyme purification are shown in Table 1 . The bacterial culture, grown at 37∞C for 24 h in APM, was harvested by centrifugation. The supernatant thus obtained was subjected to (NH 4 ) 2 SO 4 precipitation and about 60% of the enzyme was recovered in 40-70% saturated (NH 4 ) 2 SO 4 fraction. The desalted enzyme preparation was then subjected to DEAE-Sephacel chromatography which resulted in a reduction of a substantial amount of proteins and enhanced the specific activity to about 60 U mg -1 protein. The active fractions were pooled, concentrated, and subjected to gel filtration chromatography. The enzyme was finally purified 31.52 fold with a specific activity of 215 U mg -1 protein, and recovery of the enzyme was 29.05% (Table 1) .
The purified protein appeared as a single band on the SDS-PAGE gel stained with Coomassie brilliant blue (Fig.  4) . The SDS-PAGE analysis of purified enzyme fractions indicated an apparent molecular mass of about 47 kDa. The native molecular weight of the purified enzyme was estimated to be ~185 kDa by both native PAGE and gel filtration chromatography (Figs. 5A and B) . These results indicated that the enzyme migrated as a tetrameric form in native PAGE and gel filtration.
Characterization of the purified protein
Effect of pH and temperature on enzyme activity and thermostability. To investigate the effect of temperature, the asparaginase activity was determined at different temperatures (4-70∞C) under standard assay conditions. The optimum in vitro temperature for enzyme activity was 37∞C (Fig. 6A) . Though the enzyme showed a rapid loss of activity above and below the optimum point, it still retained above 40% of the maximum activity in the temperature range 10-60∞C. The thermal stability of the enzyme was determined by pre-incubating the purified enzyme preparation from 25∞ to 70∞C for 30 min and then assaying under standard conditions. As is evident from the results in Fig. 6B , the enzyme was moderately thermostable at higher temperatures, as it retained above 40% activity up to 60∞C. The enzyme had a pH optimum at pH 8.5 and displayed more than 50% of its maximum activity in the pH range 6.5 to 9.0. The enzyme was inactive at a pH less than 4.5 and above a pH of 10.0 (Fig. 6C) . The enzyme showed stability in the alkaline range (pH 6.5-8) as it retained more than 60% of its original activity when incubated up to 24 h (Fig. 6D) . K m and V max , substrate specificity, and effect of metal ions and chemical reagents on L-asparaginase. In order to investigate the kinetic parameters of the purified asparaginase, the initial rate of enzyme reaction was measured for different L-asparagine concentrations. The enzyme showed a hyperbolic response to increasing concentrations of the substrate in an otherwise standard assay mixture. Apparent K m and V max values for L-asparagine, as determined by a Lineweaver-Burk plot, were 2.0 ¥ 10 -4 M and 1.198 mM s -1 , respectively. The action of native asparaginase was examined on various compounds, such as Lglutamine, L-aspartic acid, L-glutamic acid, and DL-asparagine as alternative substrates to L-asparagine. The enzyme was remarkably specific to its substrate L-asparagine and its activity in the presence of other substrates was almost negligible (Fig. 7) .
The enzyme activity in the presence of metal ions and chemical reagents was also assayed. The activity was inhibited in the presence of Fe 2+ , Cu 2+ , Mg 2+ , Co 2+ , Hg 2+ , Mn 2+ , and Ca 2+ , whereas the addition of Na + and K + led to an increase in activity. The enzyme showed considerable stability against ethanol (79.4%) and DMSO (77.7%). Moreover, SDS showed a significant inhibitory effect on the enzyme; whereas, reducing agents, such as cysteine Lane 1-Crude extract, Lane 2-ammonium sulphate (40-70%) fraction, Lane 3-DEAE Sephacel eluate, Lane 4-P-100 eluate, Lane M-Protein molecular weight marker. Table 1 . Purification of L-asparaginase from B. megaterium.
*1 U = 1 mmol of NH 3 released min -1 under assay conditions. hydrochloride and 2-mercaptoethanol, had no significant effect on enzyme activity. Also, insensitivity to EDTA indicates that the enzyme is metal independent (Table 2) .
Discussion
The present study describes the isolation, purification and characterization of L-asparaginase from Bacillus megaterium MG1. Initial experiments were carried out to isolate asparaginase-producing bacteria from water samples collected from the water bodies of Moraghat forest. The Moraghat forest range is an important territorial forest of the northern part of West Bengal, India and is located near Gairkata in Jalpaiguri district. The total forest area ranges about 5511.37 hectors. This range has been recommended for the plantation and preservation of commercially important timber plants, such as Sal, Tick, Jarul, and Silviculture. Due to its rich diversity in both flora and fauna, this forest has recently become a research interest for several biological studies.
The water bodies chosen for the study were essentially free from any observable human activities. Bacterial type L-asparaginases are classified into two subtypes, i.e., type I and II, which are defined by their intra-or extracellular localization (Michalska and Jaskolski, 2006) . The strain chosen for this study produced extracellular L-asparaginase. Extracellular enzymes are always advantageous from an industrial aspect and are preferred over the intracellular ones because of a higher accumulation of protein, easy extraction and downstream processing (Pal Roy et al., 2016) . The phylogenetic analysis of 16S rDNA sequence and conventional taxonomic analysis identified the isolate MG1 as a member of the genus Bacillus, showing a great sequence homology to B. megaterium as well as showing morphological, cultural, and biochemical resemblance and hence, given the name B. megaterium MG1. In fact, the genus Bacillus is a highly reported group with regard to carrying the asparaginase gene and gene product (Jia et al., 2013) .
Here, the maximum L-asparaginase activity was noted at 24 h during the exponential phase of bacterial growth which suggests that the enzyme might be required during balanced growth. Further optimization of L-asparaginase production under submerged conditions by the OFAT approach indicated a medium pH 7.0, cultivation temperature 37∞C, yeast extract (0.5% w/v), dextrose (1.5% w/v), and incubation time 24 h to be optimal conditions for the enzyme production. The optimization by the OFAT approach enhanced the enzyme production from an initial 14.66 U ml -1 to 32.34 U ml -1 . These studies also indicated a mesophilic and neutrophilic nature of the isolate. There have been similar reports on the production of Lasparaginase by submerged fermentation in Bacillus strains associated with marine alga (Sargassum sp.) (Mohapatra et al., 1995) , in Bacillus cereus MNTG-7 (Sunitha et al., 2010) , and in Bacillus sp. isolated from soil (Moorthy et al., 2010) .
When growth observations were performed, it was clear that the specific activity rose during the exponential phase, which might be indicative of the presence of an inducer. But after that, daywise analysis showed a negative correlation between cell growth and enzyme activity, as evidenced from cell dry weight and enzyme activity. With some carbon and nitrogen sources, an inverse relationship exists between the growth and the amount of enzyme produced. Dextrose and yeast extract did not conform to this relationship, in that these substrates stimulated the production which might be due to the energetic advantage of growing aerobically on dextrose, and also to the fact that yeast-extract containing cultures are less likely to undergo extensive lysis during the stationary phase (Albanese and Kafkewitz, 1978) . Moreover, previous studies also indi- cated that L-asparagine can induce L-asparaginase production, though different bacteria use different control mechanisms at the gene level. Rajesh et al. (2011) showed that L-asparagine induced Aspergillus terreus to produce more asparaginase enzyme. The ans operon in Rhizobium etli was also reported to carry an asparagine permease gene, suggesting that the operon's expression is determined by the level of asparagine in the cell and it is probable that regulation is mainly at a transcriptional level, asparagine being the inducer (Ortuño-Olea and Durán-Vargas, 2000). However, since these studies were conducted in complex media, it is impossible to rule out the existence of a coinducer; for example, Albanese and Kafkewitz (1978) suggested ammonium ions to be an inducer for asparaginase production in the case of Vibrio succinogenes.
The enzyme was purified from 24-h-grown culture by (NH 4 ) 2 SO 4 precipitation, anion-exchange chromatography, and gel filtration. The 31.52-fold purified enzyme had specific activity of 215 U mg -1 protein. The specific activity of asparaginase from B. megaterium MG1 was much higher than that of Bacillus subtilis strain hswx88 and Pectobacterium carotovorum MTCC 1428 (Pradhan et al., 2013) and quite lower than that of B. aryabhattai ITBHU02 and Bacillus licheniformis RAM-8 (Mahajan et al., 2014; Singh et al., 2013) . The enzyme has been purified to homogeneity, as observed by the presence of one single band by SDS-PAGE displaying an apparent subunit molecular weight of approximately 47 kDa. The observed molecular mass is higher than that of B. aryabhattai asparaginase (38.8 kDa), but quite lower than that of L-asparaginase from Corynebacterium glutamicum (80 kDa) (Mesas et al., 1990; Singh et al., 2013) . Experimental results indicated that the enzyme migrated as a tetrameric form in native PAGE and gel filtration. In fact, L-asparaginases from some other Bacillus species have been found to be tetrameric proteins with a molecular mass in the range of 140-160 kDa (Borek and Jaskolski, 2001; Kumar and Sobha, 2012) .
The purified enzyme displayed activity over a narrow pH range, retaining more than 40% of its maximal activity at pH 6.0-9.0 with a pH optimum at 8.5. The optimum in vitro temperature was 37∞C and a rapid loss in the enzyme activity was observed upon increasing the temperature above the optimum value. As in the present study, the L-asparaginase from Bacillus aryabhattai and Bacillus licheniformis were optimally active at 40∞C and at pH 8.5 and 9.0, respectively (Mahajan et al., 2014; Singh et al., 2013) . The optimum activity of the enzyme under physiological conditions may prove to be useful with regard to its applications. On the other hand, the stability of an enzyme at variable environmental conditions is an important factor regarding its substantial applications at an industrial scale. Here, the enzyme was shown to be an alkali-stable L-asparaginase as it retained more than 60% residual activity over the pH range 6.5-8. The stability of the enzyme in this pH range could prove to be useful therapeutically as the circulatory fluids in human body have a pH of 7.4. The L-asparaginase showed 100% thermal stability up to a temperature of 40∞C followed by a sharp decline until it retained 20% of its activity at 70∞C. Apparent K m and V max values for asparagine as determined by a Lineweaver-Burk plot were 2.0 ¥ 10 -4 M and 1.198 mM s -1 , respectively. This K m value is lower than L-asparaginase of Erwinia (3.0 ¥ 10 -3 M) (Peterson and Ciegler, 1969) and E. coli (3.5 ¥ 10 -3 M) (Willis and Woolfolk, 1975) and thereby showing a better substrate affinity, but higher than that of Vibrio succinogenes (7.4 ¥ 10 -6 M) and B. licheniformis (1.4 ¥ 10 -5 M) (Mahajan et al., 2014) .
The enzyme had a narrow substrate specificity, exhibiting 100% relative activity with its natural substrate L-asparagine, yet almost no activity when the substrate was Lglutamine, L-aspartic acid, L-glutamic acid, or DL-asparagine. Previous studies with bacterial L-asparaginases have shown that the system mediating asparagine uptake at low concentrations appears to be stereospecific for L-asparagine and recognizes only the L-isomers of analogues of asparagine with substitution at the b-amide position (Willis and Woolfolk, 1975) . D-asparagine has been shown to be a competitive inhibitor of the hydrolysis of L-asparagine (Citri and Zyk, 1972) . When assayed in the presence of metal ions and chemical reagents, the enzyme activity was found to be inhibited in the presence of mostly divalent cations such as, Fe 2+ , Cu 2+ , Mg 2+ , Co 2+ , Mn 2+ , and Ca 2+ , whereas the addition of monovalent cations, such as Na + and K + , led to an increase in activity. In this respect, the enzyme was quite similar to L-asparaginase from Erwinia and B. licheniformis Mahajan et al., 2014) . Moreover, the addition of other chemicals had lit- tle or no effect on asparaginase activity, although the activity was almost completely inhibited by 2 mM SDS. The results for the effect of SDS on L-asparaginase from B. megaterium MG1 is comparable to that of the enzyme from B. aryabhattai (Singh et al., 2013) and Pectobacterium carotovorum , but opposite in case of Cladosporium sp. L-asparaginase (Kumar and Manonmani, 2013) . Also, insensitivity of the enzymatic activity to EDTA indicated that the functioning of the enzyme did not have an absolute need for metal ions. Further investigations on the B. megaterium MG1 asparaginase gene, gene product, and its antitumour activity are currently in progress.
